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Ultracold polar molecules can be shielded from fast collisional losses using microwaves, but achiev-
ing the required polarization purity is technically challenging. Here, we propose a scheme for shield-
ing using microwaves with polarization that is far from circular. The setup relies on a modest static
electric field, and is robust against imperfections in its orientation.
Ultracold polar molecules are emerging as a platform
for quantum science and technology with applications
in precision measurement [1], quantum simulation [2–
4], and computing [5–7]. Many species of ultracold
molecules are now realized experimentally at ultracold
temperatures, either by associating ultracold atoms [8–
14], or by directly cooling molecules [15, 16]. The lifetime
of ultracold molecules is limited by collisional losses [17–
19], even at a typical molecular density of 10−10 cm−3
that is orders of magnitude below that required for some
applications. The collisional loss rates observed are on
the order of the universal loss rate [20], suggesting the
loss occurs at short range when the molecules approach
one another closely. For some molecules this short-range
loss is attributed to two-body chemical reactions [21].
Nonreactive molecules undergo effective two-body loss at
much the same rate, presumably mediated by the forma-
tion of long-lived collision complexes [22], that may sub-
sequently be lost through three-body recombination [23]
or photoinduced processes [24].
Collisional losses can be suppressed generally by induc-
ing long-ranged repulsive interactions that prevent the
molecules from reaching short range. This is referred to
as shielding. Que´me´ner and Bohn have suggested electro-
static shielding of polar molecules in the n = 1 rotation-
ally excited state [25]. This may require strong electric
fields in the order of 3.25b/µ [26], where b is the rotational
constant and µ the dipole moment. This requirement
may be circumvented by microwave shielding [27, 28],
where ground state molecules can be shielded by inducing
repulsive resonant dipole-dipole interactions through mi-
crowave dressing with n = 1 rotationally excited states.
Furthermore, Gorshkov et al. suggested using combined
static and microwave fields to achieve shielding by a re-
pulsive second-order interaction, after precisely canceling
the first-order interactions due to both fields [29]. While
microwave shielding is feasible in static fields, the mech-
anism was later shown to be different and not reliant on
precise cancellation of first-order interactions [27].
The technically challenging requirement for imple-
menting microwave shielding is realizing almost pure cir-
cular polarization, especially in the presence of reflec-
tions of microwaves off the vacuum chamber. Microwave
shielding is effective for circularly polarized microwaves
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[27], but not for linear polarization. The reason is the
coupling to the repulsive branch of the resonant dipole-
dipole interaction, which provides shielding, depends on
the orientation of polarization relative to the intermolec-
ular axis [30]. In the case of linear polarization, collisions
along the polarization direction are not shielded, while
nonadiabatic transitions to lower field-dressed states lead
to rapid loss. For circular polarization, collisions along
all directions are shielded and nonadiabatic transitions
are suppressed for sufficiently high Rabi frequencies. For
elliptical polarization, nonadiabatic transitions cannot be
fully suppressed, and effective shielding requires a polar-
ization that is 90 % circular in the field [30], or equiv-
alently has a 20 dB power extinction ratio between σ+
and σ− components.
In this work, we propose a modified scheme for mi-
crowave shielding that is effective for polarizations that
are far from circular. The main idea is illustrated in
Fig. 1. General elliptical polarization can be character-
ized as
σ(ξ) = σ+ cos ξ − σ− sin ξ
= −[σx sin(ξ + pi/4) + iσy cos(ξ + pi/4)], (1)
which interpolates between σ+ circular polarization at
ξ = 0 and σx linear polarization at ξ = pi/4. For ξ in this
range, the semi-major and semi-minor axes are along x
and y. We then consider a transformation to a coordinate
frame, x′y′z′, defined by a rotation about the semi-minor
axis, y, by an angle
ϕ = acos[cot(ξ + pi/4)] (2)
such that the polarization becomes σ+′ cos(ξ+pi/4)
√
2+
σz′ sin(ϕ) sin(ξ + pi/4). That is, any polarization can be
thought of as perfectly circular in the x′y′ plane plus
an additional linear component along z′. Next, we con-
sider applying a static E-field along z′, which lifts the
degeneracy of m′n = 0 and |m′n| = 1 states, where m′n
is the z′ projection of the rotational angular momentum
n. This Stark shift serves to shift the m′n = 0 state, ad-
dressed by the spurious σz′ polarization component, out
of resonance while the microwaves are kept tuned to the
m′n = ±1 states. Under these conditions, this Hamilto-
nian effectively reduces to dressing with microwaves that
are purely circularly polarized about a static external
field, which has previously been demonstrated to realize
effective shielding [27].
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FIG. 1. (a) Red shows a general polarization ellipse where
the x and y axes are chosen as the semi-major and semi-minor
axes. This is is equivalent to circular polarization in the x′y′
plane, shown in black, plus an additional linear polarization
component along z′, shown in blue. The coordinate trans-
formation is discussed in the text. (b) A static E-field along
z′ lifts the degeneracy of m′n = 0 and m
′
n = ±1 states, such
that the n = 1,m′n = 0 state is Stark shifted out of reso-
nance and the linear polarization component along z′ has no
effect. Under these conditions, the Hamiltonian reduces to
that of polar molecules in the presence of circularly polarized
microwaves and a static E-field, which has previously been
shown to realize effective shielding [27].
We theoretically treat molecule-molecule collisions as
in Refs. [27, 30], and briefly summarize the approach
here: The molecules are treated as rigid rotors that inter-
act with one another through the dipole-dipole interac-
tion, and with static and ac electric fields through the
Stark interaction. We then perform coupled-channels
scattering calculations where at long range we match to
the usual scattering boundary conditions, and at short
range we match to a completely absorbing boundary
condition [31], in the spirit of the universal loss model
[20]. The short-range boundary condition is imposed at
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FIG. 2. Probability of RSR (a) and MIL rate (b) as a
function of Ω and static field strength E for ξ = pi/8, i.e., half
way between σ+ and linear σx polarization. For high enough
Ω and intermediate field strengths, losses due to RSR and MIL
are simultaneously small and good shielding is obtained. A
larger Stark splitting is required for increasing Rabi frequency,
resulting in the triangle-shaped region of effective shielding.
R = 20 a0, and the channel basis is truncated at nmax = 3
and Lmax = 6. We distinguish between losses due to
reaching short range (RSR), and microwave-induced loss
(MIL). The latter corresponds to inelastic scattering into
lower-lying field-dressed levels, which is referred to as
MIL as these channels are not present in the absence of
microwave radiation. The role of hyperfine degrees of
freedom was addressed previously [27, 30], and hyperfine
is not included here as its effects can be suppressed by
applying a modest magnetic field.
Figure 2 shows the probability of RSR and MIL rate
for RbCs molecules at 1 µK as a function of the Rabi fre-
quency, Ω, and static field strength, E . This is obtained
on resonance, ∆ = 0, and for fixed ellipticity, ξ = pi/8,
which is half way between σ+ circular polarization at
ξ = 0 and σx linear polarization at ξ = pi/4. The static
field is applied along the z′ axis, i.e., between the polar-
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FIG. 3. Total loss rate due to both RSR and MIL as a func-
tion of Ω and ξ for E = 0 (a) and E = 1 kV/cm (b). At zero
field, shielding requires 4ξ/pi ≤ 0.1, i.e., an imperfection in
the ellipticity angle of less than 10 %. Including a static field
along z′ enables shielding by elliptically polarized microwaves
with large eccentricity, up to 4ξ/pi ≈ 0.8.
ization ellipse’s normal and semi-major axis at an angle
ϕ, see Eq. (2). At low field strength, shielding is ineffec-
tive because the polarization is far from circular. At high
field strength, dipolar scattering becomes dominant and
leads to high loss rates. At intermediate field strengths,
there exists a region where losses due to RSR and MIL
are small simultaneously, and effective shielding is re-
alized. Shielding at higher Rabi frequency, Ω, requires
larger Stark splittings and hence field strengths, E , lead-
ing to the triangular shape of the shielded region in Fig. 2.
Shielding of losses to 2·10−13 cm3/s – three orders of mag-
nitude below the universal loss rate of 1.7 · 10−10 cm3/s
– is obtained for Rabi frequencies around Ω = 10 MHz
and field strengths around E = 1 kV/cm.
Figure 3 shows the total loss rate, due to both RSR and
MIL, as a function of Rabi frequency, Ω, and microwave
polarization ellipticity, ξ. Panels (a) and (b) correspond
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FIG. 4. Total loss rate due to RSR and MIL as a function of
Ex′ and Ey′ imperfections in the orientation of a E = 1 kV/cm
static field. Panel (a) and (b) correspond to 4ξ/pi = 3/4 and
4ξ/pi = 1/2, respectively. These polarizations can be thought
of as 25 % and 50 % circular, respectively. In both cases,
the polarization ellipse is too eccentric to provide shielding
without the additional static field. The white circle indicates
an imperfection in the orientation of the static field of 10◦.
Shielding of losses below 10−12 cm3/s for 4ξ/pi = 3/4 requires
orientating E along z′ to within 5◦, and the tolerance is even
more forgiving for polarizations that are closer to circular.
to static field strengths of E = 0 and E = 1 kV/cm,
respectively. The static field is applied along the z′ axis,
which again lies at an angle ϕ, see Eq. (2), between the
polarization ellipse’s normal and semi-major axis. At
zero static field, shown in panel (a), shielding is effective
only for polarizations close to circular, 4ξ/pi < 0.1, which
corresponds to a power extinction ratio of the σ− and
σ+ microwave field components larger than 22 dB [30].
For an achievable[32–35] field strength of E = 1 kV/cm,
4shown in panel (b), effective shielding can be obtained for
polarizations that are far from circular, with eccentricity
up to 4ξ/pi ≈ 0.8.
So far we have demonstrated excellent shielding can be
recovered for microwave polarizations that are far from
circular by applying a static field at exactly along z′,
which lies between the polarization ellipse’s normal and
semi-major axis. Next, we investigate the robustness of
this scheme to imperfections in the alignment of E and z′.
Their alignment can be achieved by controlling the static
field [35], or the microwave polarization [36], whichever
is more practical. Figure 4 shows the total loss rate due
to both RSR and MIL as a function of undesired x′ and
y′ components of the E field. Figure 4(a) shows loss rates
for 4ξ/pi = 3/4, which corresponds to 25 % σ+ circular
and 75 % σx linear polarization. Even though the polar-
ization ellipse is very eccentric and closer to linear than
it is to circular, shielding of losses to below 10−12 cm3/s
can be achieved and requires alignment of the static field
E and the z′-direction only to within 5◦. Orientation of a
static E field to this precision is feasible [35]. Figure 4(b)
shows loss rates for 4ξ/pi = 1/2, which is half way be-
tween circular and linear polarization and still too far
from circular to realize shielding without the additional
static field proposed here. In this case, the tolerances on
alignment of E and z′ are even more forgiving, exceeding
10◦ for shielding of losses to below 10−12 cm3/s.
In conclusion, we have proposed a modified scheme for
microwave shielding that is robust against large imper-
fections in the circular polarization, which is otherwise
the main technical challenge for the experimental real-
ization of microwave shielding. The main idea is that
polarization imperfections can generally be regarded as a
spurious linear polarization component perpendicular to
a perfectly circular polarization. Application of a static
field tunes the m′n = 0 component, addressed by the
spurious linear polarization component, out of resonance
with the microwaves. The feasibility of the proposed
scheme is illustrated by coupled-channels scattering cal-
culations for bosonic RbCs molecules at 1 µK, for which
we recover effective shielding with achievable static field
strengths, E = 1 kV/cm, and microwave Rabi frequen-
cies, Ω = 10 MHz, even for polarizations far from circu-
lar. Furthermore, the proposed scheme is robust against
imperfections in the relative orientation of the polariza-
tion and static field. The tolerance on their misalignment
may exceed 10◦, depending on the eccentricity of the po-
larization.
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